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$\Sigma$ , $V$ , $V\cap\Sigma=\emptyset$ . $X,$ $X_{1},X_{2},$ $\cdots$ ,
$\mathrm{Y},\mathrm{Y}_{1},$ $\mathrm{Y}_{2},$
$\cdots,$ $Z,$ $Z_{1},Z_{2},$ $\cdots$ , $a,$ $b,$ $c,$ $a_{1},$ $a_{2},$ $\ldots$ . $\Sigma\cup V$
. . $\alpha$ $|\alpha|$
. $0$ $\epsilon$ . $\Sigma^{*}$ , $\Sigma^{+}$
. , $T$ $\tau*$ $T$



























1 . $X_{\mathrm{k}}X_{2}X_{\}X_{4}=X_{3}X_{1}X_{2}X_{4}$ $X_{1}X_{2}$













. ( ) ,
.
6.1. $\alpha:,\beta_{1}\in V^{*}$ (1 $\square \dot{8}$ $n$) , $\alpha\in V^{*}$ , $var(\alpha)$
. $\alpha_{1}\cdots\alpha_{n}=\beta_{1}\cdots\beta_{n}$
$var(\alpha_{i})$ $=var(\beta_{i})$
vat$(\alpha:)$ $\neq var(\alpha_{j})(\dot{\iota}\neq j, 1\square \mathrm{i},j\square n)$
$va\mathrm{r}(\beta:)$ $\neq var(\beta_{j})(i\neq j, 1\square i,j\square n)$









, $u\preceq_{\mathrm{p}}v$ $u$ $v$ , $u\preceq_{i}v$ $u$ $v$ .
, .
I 7.1. [$lJv\in\Sigma^{+},$ $w\in\Sigma^{\mathrm{r}}$ . .
$\exists$ $\geq 1\epsilon.t$ . $w\preceq_{\mathrm{P}}v^{1_{\mathrm{O}}}w$
$\Leftrightarrow\forall i\geq 0,$ $w\preceq_{\mathrm{P}}v^{i}w$ ,
(ii) $\exists j_{0}\geq 1s.t$ . $w\preceq$ $wv^{j\mathrm{o}}$
$\Leftrightarrow\forall j\geq 0,$ $w\preceq_{\iota}wv^{j}$ .
, $v^{\ell}$ $v$ $i$ .
$w$ $u$ $i$ , $w=uu^{i}$














$X_{1}X_{2}X_{S}=X_{1}X_{2}X_{S}$ 1 , $X_{1}X_{2}X_{S}=X_{2}X_{3}X_{1}$ ,
$X_{1}X_{2}X_{3}=X_{3}X_{1}X_{2}$ 2 . $X_{1}X_{2}X_{3}=$
















$V’$ . $V’$ $X_{i}[n](n\in N)$ .
, $V’$ .
$X:=\alpha(X\in V’, \alpha\in(\Sigma\cup V)^{*})$
, $c(\alpha)$ $\alpha$ , $X_{1}[n]:=\alpha$ , $\# c(\alpha)\square n$




10.1. $n\geq 4$ . $n$ 1 $\{X_{i}:=u_{i}|i=1, \cdots,n\}$
$u,v$ ,











. 1 . $XX_{2}$
.
$X_{1}(XX_{2})=(XX_{\mathit{2}})X_{1}$
1 $\{X_{1}:=u_{1},X_{2}:=u_{2},X:=w\}$ $u,u’(u\neq\epsilon)$ $i,j$
, $w=u^{\ell}u’,$ $\mathrm{u}_{1}(wu_{2})w=u^{j}u’$ .
(1) – ,
. 2 , 1
, 1 – .
$(_{\mathrm{Y}Z=X_{\mathit{2}}}^{Z\mathrm{Y}=X_{1}}::$ :
1 $\{X_{1}:=u_{1},X_{2}:=u_{2},\mathrm{Y}:=v,Z:=w\}$ $u’,u”\in\Sigma^{+}$ ,







1 $\{X_{1}:=u_{1},X_{2}:=u_{2},X\epsilon:=u_{3},Z:=w\}$ , $\epsilon$ $u,u’\in\Sigma^{+}$
$i,j$ , $w\preceq_{p}u^{i+1},$ $u_{1}wu_{2}$um$3\preceq_{\mathrm{P}}$ +1 $w=u^{:}u’,$ $u_{1}wu_{2}wu_{S}=u^{j}u’$
.
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